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THE PHYSICAL BASIS OF BRAIN-WORK. 



Is thebe any element in brain-work but the physical ? 

"Doctors differ," but upon this point all agree, that it is the 
only element in that complicated process, which we possess any 
material means of studying or modifying, and hence is entitled 
practically to our undivided attention, as physiologists. We are 
totally unable to imprison a thought beneath our cover-glass, to 
ascertain the specific gravity of a concept, or the form and color 
of a moral judgment, but we can observe and study the thought- 
organ, and determine under what conditions of its substance these 
processes are advanced or retarded, and crudely measure their 
intensity by the amount of energy expended. This has been 
found to bear sufficiently constant relation to the intensity of 
the process, to afford a rough indication of the force and 
vigor of the mental operation. Following closely upon this 
comes the question, " Is the measure of the physiological 
efficiency and integrity of the thought organ the measure 
of the intellectual capacity of the individual ?" and 
further and still more pertinent to our range of inquiry, " Is the 
development of the thought-organ always proportionate with the 
development of the other tissues of the body ? " in other words, 
"Is a good brain likely to accompany a good physique ?" Eecent 
investigations have answered the first question for us by showing 
conclusively that the brains of those of marked ability in any par- 
ticular field are unmistakably superior, both in size, weight and 
complexity of structure, to those of the average of their fellows. 
The second question yet remains unanswered, and my object in 
this sketch is briefly to submit a few considerations bearing upon 
its solution. We all know what the popular theory upon this 
question is, that brain must be developed at the expense of mus- 
cle, and muscle at the expense of brain ; that a man cannot be 
good for both at once, and the typical hard student is necessarily 
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pale and stooped shouldered, while the typical athlete or muscle 
worker is as stupid as the brutes whom he rivals in strength. But 
popular opinion is not infallible, and with all due deference to it, 
we would respectfully appeal to the judgment of history and 
science. 

Taking, first, a comprehensive view of the historical data bear- 
ing upon the subject, we find two classes of facts, one consisting 
of comparisons between individuals of the same race in different 
ages, and the other of comparison between individuals of races of 
different degrees of civilization in the same age ; and the evidence 
from both classes is unmistakably uniform. In the first class, 
the few data at our command most decidedly indicate that in 
spite of our Iliads and Heroics the " men of these degenerate 
days" are not only healthier and longer-lived, but taller and 
heavier than their ancestors and predecessors from five hundred 
to one thousand years ago, inasmuch as they can neither squeeze 
into their armor, handle their swords, nor even lie down in their 
coffins. 

Many of the suits of armor in the Tower of London would be 
a tight fit for boys of sixteen to-day, while the average British 
soldier finds his hand cramped for room on the hilts of the 
renowned cross-hilted swords of the Crusaders, and going a step 
further back, the old Greek stone coffins sarcophagi are nearly 
half a head too short for the average man of to-day. 

Such records as we possess, of any scientific accuracy, of the 
feats of physical prowess, such as running, leaping and hurling 
the stone, would be easily beaten by our modern athletes. 

The other class of data indicate with almost equal clearness 
that, with a few exceptions, the higher the degree of civilization 
of a race the greater the perfection of its physical development; in 
other words, the history of civilization would seem to be the his- 
tory of an improving physique. 

The Indians of our Western plains, the Bushmen and the Hot- 
tentots of South Africa, the Negroes of the Gold Coast, the Hindoos 
of the Indian peninsula, the Terra del Fuegans of the Antarctic, 
the Esquimaux of the Arctic circle, are all almost as markedly infe- 
rior to their Aryan contemporaries as the mustang is to the Eng- 
lish thoroughbred. 

Many as are the stories which are related of Indian speed and 
endurance, their fleetest couriers can be both out-run and out- 
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winded even by amateurs who have submitted to a similar course 
of training, while their inferiority in wrestling, boxing, and other 
feats of strength needs only to be referred to. 

A civilized man can beat the savage at his own game, and even 
with his own weapons. A series of scientific experiments has es- 
tablished the fact that the contractile power of the average 
Frenchman's biceps is nearly twenty per cent, and that of an 
Englishman's nearly twenty-five per cent, greater than that of the 
average Tasmanian's. 

What light does the history of the four great world empires 
throw upon this question ? What relations existed between the 
stages of their physical development and their hold upon their 
imperial power? 

When we are first introduced to them, we find the Babylonians 
a nation of simple, hardy Chaldean shepherds and hunters, living 
in tents, and compelled, from the very nature of their circum- 
stances, to develop and depend upon a vigorous physique as their 
means of existence. 

It was these qualities that made them the masters of the then 
known world, but with power came riches and their almost inva- 
riable accompaniment, luxury and effeminacy. They forgot how 
to fight, a fatal symptom in any nation ; their wars are all carried 
on by mercenaries, their cattle are tended, their leopards killed, 
their houses builded, and every manly function performed by 
slaves, whilst they are crowding themselves together in cities, 
lounging in hanging gardens, gorging themselves with dainties, 
and rotting the last fibre of their manhood with wine. What is 
the inevitable result ? Outraged nature revenges herself ; and 
there suddenly appears on their northwestern frontier a people, 
who might almost be regarded as the re-embodiment of the spirits 
of their ancestors. A mere handful of brave, hardy mountaineers, 
living by the chase, and capable of existing on beech nuts and 
goat's flesh, they swept everything before them, and gathering 
force as they advanced, utterly overthrew the world's capital her- 
self, and made her empire a thing of the past. 

The "fittest" had survived, but so had the law of selection, and 
at last, after years of unlimited power, they too became subject to 
its penalty. 

Wealth and idleness had softened their muscles, xmstrung their 
nerves and weakened their courage, and they too were " weighed 
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in the balance and found wanting." In the very zenith of their 
power, one of their most adventurous expeditions brought back 
reports of an insignificant little nation, inhabiting a rocky penin- 
sula and the adjacent groups of islands just beyond their extreme 
western frontier, who had actually had the hardihood to assist one 
of their satraps in a rebellion against his master, and an army of 
myriads was at once dispatched to bring them captives to be placed 
on exhibition. They declined to come, and so emphatic and con- 
vincing was their refusal that nearly one-fourth of the Persian 
army was constrained to remain as a fertilizer for that stony little 
peninsula, while another moiety furnished a royal banquet for the 
Mediterranean fishes. Thinking there must have been some mis- 
understanding, the invitation was repeated even more urgently 
than before, with nearly two millions of couriers to bear the mes- 
sage, and Marathon, Salamis, and Thermopylae were the Greek 
notes of acceptance, signed after the ancient custom, in the blood 
of the writer. 

For scarcely a century longer had the Persian degeneracy pro- 
gressed, when the sword of Alexander suddenly flashed above 
their national horizon, and in six short years his invincible little 
wedges of human bone and brawn had rent the empire of Darius 
into a thousand fragments, never again to be united. Wherein lay 
the Grecian superiority ? A single incident furnishes the key to 
the whole question. When the Persian invasion was impending 
the Greeks naturally shrunk from meeting such myriads single- 
handed, but their confidence was instantly restored when the first 
Persian prisoners brought in were publicly stripped and their 
slender muscles and soft white skins exposed to view. 

It was the contest of men against weaklings and they had no 
fears for the result. 

The three hundred who held hundreds of thousands at bay at 
Thermopylae, and the men who scattered the barbarian myriads 
like chaff at the Granicus, were the results of centuries of the 
most careful artificial selection to which the human race has ever 
been subjected. 

For generations the weaklings had been destroyed in infancy 
and only the robust and vigorous permitted to survive ; in child- 
hood they had been cradled in the hollow of their father's shield ; 
their earliest playthings had been the dull spear and the wooden 
sword ; from earliest boyhood they had been dieted, trained, and 
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hardened as skillfully and rigidly as gladiators preparing for the 
arena ; and the legitimate result was, not only a physique, which 
in strength and beauty has never yet been surpassed, if equaled, 
but also a brain which in vigor of conception and keenness of in- 
sight still holds its place in the very foremost ranks of the march 
of intellect. 

Had they preserved the balance of their powers they might 
have been masters of the world to-day, but again the inevitable 
law of decadence after maturity becomes manifest. 

The lists of the Olympic games are thronged with professionals; 
a Plato is heard lamenting that their gymnasia have become mere 
arenas for the exhibition of feats of skill by hired athletes, the 
living "bricks" in the walls of Sparta are replaced by mercenaries, 
and intellectual and moral degeneracy surely and rapidly follow. 
Already the screaming of the Eoman eagles is heard upon their 
western coasts and grand old Greece falls, almost without a strug- 
gle, before a people who are vastly her inferiors in every par- 
ticular, save their physical vigor and a wolfish greed for battle. 

The Eoman was essentially a fighting animal. He was bred 
and trained as such, and his short, heavy sword, driven by his 
strong right arm and directed by the brain which inevitably 
accompanied it, carved out a world empire, the most splendid and 
most enduring that the race has ever looked upon. 

All our forms of legal and political thought still bear the 
stamp of Bome, and every school boy is familiar with the history 
of her rise and fall. 

It is the old, old story of riches, luxury, and effeminacy, and a 
horde of athletic savages, our ancestors, shatter to atoms the 
greatest political masterpiece of any age. 

The whole history of the human race bears more than a 
fanciful analogy to the old fable of Tullus, the giant son of the 
Earth, whom even Hercules for a long time was unable to con- 
quer, since every time he was thrown he derived fresh strength 
from contact with his mother, the Earth, but whose strength and 
life rapidly ebbed away when lifted clear of the earth and held in mid- 
air by the wily Greek, after he had learned the secret of his power. 

Once let the human race be cut off from personal contact with 
the soil, once let the conventionalities and artificial restrictions of 
so-called civilization interfere with the healthful simplicity of 
nature, and decay is certain. 
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But, it may be objected, was not the predominant element in 
these old world empires largely physical, so that physical condi- 
tions would principally determine their permanence ? 

While admitting the partial truth of this suggestion, we are 
prepared to go a step further, and meet the objection on grounds 
to which no such exception can be taken. 

If we were to ask what three nations had made the most for- 
cible impression upon human thought, we should probably be 
pointed to the Greeks, the English, and the Germans. 

If we can prove that these three nations have or had some 
quality in common which was especially prominent either just be- 
fore or during their period of greatest intellectual vigor, and 
whose decline was rapidly followed by a corresponding intellectual 
decay, we shall at least have some right to regard it as an impor- 
tant factor in their supremacy. 

Let us turn to the pages of history and see if we can discover 
this common factor. It certainly is not their form of government, 
for the Greeks lived mainly under a democratic oligarchy ; the 
English under a constitutional monarchy ; the Germans, until of 
late, under a despotism ; it is not their race nor their climate, 
nor their geographical position, least of all their religion ; in fine, 
their only prominent feature in common is their magnificent 
physique, and for this they are probably more conspicuously dis- 
tinguished than any other nations of history. 

Their reputation for physical prowess was second only to the 
renown of their intellect. 

More than this, in all three their period of greatest physical 
vigor invariably immediately preceded or accompanied their most 
conspicuous intellectual triumphs, and its decadence was always 
promptly followed by intellectual degeneracy. 

The Greeks were bred and reared a nation of athletes ; the 
gymnasium was as indispensable as the temple or the home, 
manly strength and skill were well nigh deified, and the victor in 
the great Olympic games considered scarcely less than a god, and 
yet these magnificent animals have left on record not only forms 
that for strength and symmetry are alike the wonder and the 
despair of all succeeding generations, but the most magnificent 
type of intellectual beauty, the broadest and clearest views 
of the problems of government, the most intense love of 
freedom, and the greatest systems of deductive philosophy 
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which the race has ever known, while in poetry, sculpture, and 
architecture, the arts which appeal to the finest faculties 
of man, the world still sits at their feet. The Greek 
biceps and the Grecian profile were inseparably connected, and 
Homer, Solon, Socrates, Plato, Aristotle, and Sophocles were both 
the legitimate products and the ardent supporters of the Greek 
gymnasia. From the days of the captives in the Romish slave 
market who excited the admiration of Gregory to the Peninsular 
campaign of Wellington and the adamantine human wall from 
which the charge of the old guard rolled back shattered and 
broken at Waterloo, British bone and sinew has compelled the 
admiration even of its enemies, and has formed the solid founda- 
tion of England's intellectual greatness. 

Even to-day the most prominent features in the popular concep- 
tion of an Englishman are his love of the bath-tub, his enormous 
appetite and his intense devotion to field sports and exercise of 
every description. 

The most rugged and inaccessible mountain chains cannot 
separate him from his bath-tub, his carnivorous appetite excites 
the horror of the vegetarian Hindoos, and is indulged at the very 
risk of his own life, while he lays out cricket-creases and tennis- 
courts at the very equator. 

Can we hold that the connection is a purely accidental one 
between the tireless physical vigor and bull-dog tenacity of life 
and purpose of the English race, and the fact of their tongue 
being the language of millions upon millions, and bidding fair to 
become the universal thought-medium ; their empire, upon which 
the sun never sets ; the priceless services they have rendered to 
the cause of civil and religious liberty, and the intellectual influ- 
ence represented by such names as Pitt and Gladstone, Oarlyle 
and Bacon, Wesley and Spurgeon, Newton, Darwin, and Spencer ? 

The great national movement of Germany, which has been ac- 
companied by such a remarkable display of intellectual energy, as 
is signalized by the names of Leibnitz and Kant, Goethe and 
Schiller, Helmholtz and Virchow, Bismarck and Von Moltke, has 
its foundation in the almost intolerable military drill and warlike 
training of the two Fredericks, was fostered by the bitter object 
lesson on the value of physical prowess, inculcated by the wars of 
Napoleon, and was inseparably connected with the rise of the 
great Turnverein system of gymnastics under Father Jahn. 
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To-day, wherever the German tongue is spoken, together with 
the poetry of Schiller and the music of Wagner, is found the 
Turner's gymnasium, and again muscle and brain go hand in 
hand. 

When we turn to the data furnished us by individuals, the 
physical basis, if not the physical nature of brain work, becomes 
even more apparent. 

It has been proved by actual experiment that great men have 
not only heavier and finer brains, but taller, heavier, and hand- 
somer bodies than the average of their contemporaries. 

The facts established by Beard in his remarkable paper on the 
longevity of brain workers are familiar to all. Even such a body 
of questionably great men as the Congress of the United States 
will be found to average higher in height, girth, weight, and 
physical beauty than any similar body of their constituents. 
Whenever we meet a distinguished man, or even see his portrait, 
we instinctively look for the physical evidences of his mental 
power, and seldom are we disappointed. There are exceptions, of 
course, to every rule, but the law of dependence of mental vigor 
upon physical is well nigh as invariable as the law of heredity, and 
Little Tommy Green's familiar question, " How large was Alex- 
ander, pa, the people called him great ? " was after all but the 
naive expression of primitive humanity's instinctive expectation, 
that physical must accompany mental greatness. Lincoln's ex- 
ploits as a wrestler and rail splitter ; Oonkling's as a boxer ; Glad- 
stone's as a tree-feller ; the youthful feats of strength and daring 
of Bismarck, and the magnificent physiques of Burke and Pitt, 
Webster and Beecher, Huxley, Bancroft, and Tennyson are not as 
familiar to the world as their deeds of intellectual prowess, but 
they are just as essential characteristics of the men. 

To the question, "Why this relation exists ?" physiology re- 
turns us a few brief but suggestive answers. 1st. That the vol- 
untary muscles are the true blood-supply-regulator of the whole or- 
ganism; in other words, that the brain of a man whose muscles are 
the most thoroughly developed and frequently exercised will have 
the fullest and richest supply of life blood ; in short, that good muscle 
means good possibility of brain work. 2d. That as the muscles are 
both the protectors and the tools of the brain, the more perfect their 
development the greater the ease with which it can both es- 
cape injury and perform the functions necessary to the support of 
vol. cxlvi. — no. 378. 36 
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animal life, thus leaving a greater proportion of its power to be 
expended in the direction of purely intellectual development ; and 
third, that even the simplest co-ordinate successive contractions 
of muscle-fibre draw upon and develop not only the five senses and 
their centres, but large tracts of the cortex itself, which if not im- 
mediately concerned in the higher mental processes are most in- 
timately connected with the cells and tracts that are. 

What recognition of this important interdependence do we find 
in most of our systems of education ? Almost none, except in our 
colleges, in which the growth of athletics, stimulated probably by 
the late war, is one of the most encouraging features of the times. 
Fortunately, the fashion is rapidly spreading downward, but we, 
as physicians, must most strenuously insist upon a more impor- 
tant and practical recognition of this truth, than the introduction 
of ten minutes of dumb-bell exercise or calisthenics in six or eight 
hours of study. 

Our common school pupils are crammed and forced and 
gorged with intellectual pabulum from six to nine hours a day, 
while they are at best simply advised and often only permitted 
to spend from one to three hours a day in the open air, too often 
in such an exhausted condition as to be incapable of really 
vigorous play, and this indisposition is too often increased by 
repeated feminine admonitions, not to waste too much time in 
play, or to indulge in energetically vigorous sports, because they 
are " so rough and horrid " and spoil their nice clothes. 

A host of instructors, consisting almost exclusively of weak 
and nervous females, is busily engaged in impressing upon the 
rising generation that intellectual greatness is the only thing worth 
striving for, and that physical prowess is worthy only of navvies 
and pugilists, as the means of its development are so very "nn- 
gentlemanly" and "unlady-like." Being almost wholly under 
petticoat government, not only in the school, but, alas ! too 
often in the home, at a time when his ideals for life are 
being formed, a boy is almost compelled to form his concep- 
tions of manly vigor from pugilists and professional sports, 
while the mischief is intensified in both sexes from the per- 
nicious and premature sexual development, which inevitably 
results from our boasted system of co-education. If our 
school children of to-day were to spend four hours out of the 
eight in vigorous, pleasant out-door exercise, they would accom- 
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plish more in the remaining four than they do now in the entire 
eight, and with infinitely less strain upon their vital forces. This 
may seem a startling proposition, but it has been more than 
proved, not only by the experience of our university and college 
students, but also by the experiments of Mr. Chadwick, among 
the factory children in England, on what is known as the " half- 
time system," by which the children were given four hours, not 
of vigorous recreation in the open air, but of regular work in the 
factory, and then four hours of study, with the surprising result 
that they made better progress, with less effort, than those who 
studied the whole eight hours. 

The best brain-workers of to-day in England and on the Con- 
tinent spend only three to five hours per diem at the desk or in 
the laboratory. In view of these facts, it seems to me that the 
following modifications in our present common school system of 
education would be at least desirable : 1st. That a play-ground 
for summer and a well-equipped gymnasium for winter should 
become indispensable adjuncts of every graded school building. 
2d. That for every hour of study the pupil should be expected, 
and, if necessary, obliged to spend an equal time in vigorous 
physical exercise, if possible, in the open air, for proficiency in 
which credit should be given him in his final average. 3d. That 
a thorough knowledge of the laws of health and the physiology of 
exercise should be required of every teacher. 4th. That at least 
half of the teachers should be men, and be selected with a view 
to not only their mental and moral, but also their physical fitness, 
to become the ideals of the rising generation. 

Woods Hutchinson. 



